A study is made of the problem of interpreting the results of Menard pressuremeter tests on soil in situ. In the test a cylindrical cavity is expanded by internal pressure, and the relation between applied pressure and cavity vulume change is measured. It is shown that the results of a single test are enough to determine a complete stress-strain relation in plane strain, and a simple graphical procedure for doing this is derived. The only restrictive assumption r.ecessary is that the deformation is under undrained conditions; there is no restriction to infinitesimal strain or to elastic perfectly-plastic soils.
INTRODUCTION
The M€nard pressuremeter is an instrument designed to measure the shear strength of soil in situ, without bringing a sample to the surface. The difficulties of obtaining undisturbed samples are then avoided. The instrument and its use have been described by M^nard (1957,1961) and Gibson and Anderson (1963) . If the measurements made in the test are to be useful, a method has to be found for deriving from the measured pressure-volume relation some numerical parameters describing the stress-strain relation of the soil, such, for instance, as the shear strength and an elastic stiffness modulus. The existing work on this question relies on idealized models of soil properties. M^nard (1957) supposed the soil to be elastic perfectly-plastic, and examined both the case in which deformations are small enough for geometry change effects to be neglected and the case when deformations are very large, but not the intermediate case. He rederived an expression previously obtained by Bishop, Hill and Mott (1945) for the limit pressure at which a cylindrical cavity in an elastic perfectly-plastic medium can continue to expand indefinitely. He also gave some attention to the case in which the soil is not perfectly-plastic, but did not carry this analysis through. Gibson and Anderson (1963) included geometry chang« effects in their analysis, but again supposed the soil to be elastic perfectly-plastic. They derived a complete relation between imposed pressure and cavity volume change under these conditions, and suggested a way of calculating the yield stress.
It is illustrated schematically in
It will be shown in this paper that more can be learned from the test if fewer assumptions are made. The most important change is the dropping of the assumption that the soil is perfectly plastic, an assumption which is ITI any case inappropriate for many soils. Contrary to what one might expect, the analysis is simpler without this assumption, and it is then possible to derive a complete stress-strain relation for plane strain deformation of the soil from the results of a single pressuremeter test. The paper begins with a theoretical analysis, and continues to a reinterpretation of the results reported by Gibson and Anderson.
ANALYSIS
The kinematics of deformation are considered first. The analysis is restricted to undrained deformation of a saturated soil, and therefore corresponds to a pressuremeter test carried out relatively quickly, in a time short compared to drainage times for distances of the order of the borehole radius. This is almost invariably the case when the pressuremeter is used in clay, but would not be appropriate for a highly permeable sandy soil, where internal drainage during a test will modify the undrained condition. The corresponding drained problem is Piore difficult, and ;equires stronger assumptions about the stress-strain relation of the soil. A solution for the special case of normally-consolidated clay has .3-been given by Palmer and Mitchell (1971) .
When the borehole is made, the reduction to zero in the radial stress at the borehole wall induces a change in stress in the soil surrounding the hole.
If this change is not too large, the response of the soil around the hole will be elastic and reversible. When the pressuremeter is placed in the hole and the measuring cell pressure is increased, the soil around the hole will be reloaded.
When the pressure applied reaches the horizontal stress a, originally present in the soil, all the soil surrounding the hole will have returned to its initial condition, since the unloading was reversible. It is natural to take this as the reference state, and to refer all displacements and strains to this state.
All lengths and displacements will be non-dimensionalized with respect to the radius of the borehole in the reference state. (7) and then into (8)
By the conditions of the test, the deformation is in plane strain
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At the inside boundary o is equal to the applied pressure, which is a measured function ♦ of the radial displacement y. calculated from AV and equation (6).
As r -*• • , o tends to o. , the total stress far away from the borehole. Therefore, integrating (9) from the hole boundary at r = 1 + yi to infinity. The stress difference * required to produce a principal extension e is therefore twice the gradient of a graph of * , the pressure applied by the measuring cell, against log(AV/V). An inflection in this graph corresponds to a peak in the stress-strain curve. The stress difference at large deformations, a residual strength, corresponds to twice the slope of the graph as AV/V becomes large.
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The test can also be used to define a shear modulus G for small strains As the axial strain increased, the deviatoric stress increased rapidly to a peak, and then fell to some 80 per cent of its peak value as the strain increased to 0.1.
Peak shear stresses in the three tests occurred at axial compressive strains of approximately 0.018, 0.020 and 0.030, which are of the same order of magnitude as the strains to peak stress observed in the pressuremeter. Since the clay is weathered in one case and unweathered in the other, this agreement must be interpreted with caution, but is perhaps significant.
In Figure 5 ♦ is plotted against y. . The graph is straight to i|»=0 , when no pressure is being applied to the borehole, and this is consistent with the assumption that the unloading when the hole is made is elastic and reversible.
Using equation (16) and the measured slope at y.^O, G=1.0 x 10 U kN/m 2 (1U50 lb/in 2 ). 
